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Abstract
The purpose of this project was to examine the relationship between caffeine
consumption and sleep habits in emerging adults (those individuals aged 18 to 21 years
old attending college) by 1) describing caffeinated beverage consumption and sleep
patterns and 2) describing the association between reported caffeine use and reported
bedtime and hours of sleep per night. Normal sleeping routines are one of the first things
that are negatively affected and changed for college students. Sleeping problems, lower
sleep quantity, and poorer sleep quality usually goes hand in hand with increasing
academia levels or grades. Caffeine is the most commonly consumed psychoactive
substance in the world. It induces many physiological and cognitive affects; while
causing many unwanted ones, like sleeplessness, anxiety, and heart palpitations.
Secondary data analysis was conducted using data from a 2-part web-based
survey called, “Promoting Healthy, Happy, UT Graduates: Combating Stress and the
Freshman 15”. This survey was given at three different time frames, before the start of
the fall 2006 college semester (Wave 1), at the end of the fall 2006 semester (Wave 2),
and at the end of the spring 2007 semester (Wave 3). For the purposes of this project,
only Wave 1 (N=1,293) and Wave 3 (N=770) were utilized for data analysis. A crosssectional study was conducted with Wave 1 and Wave 3; then a longitudinal analysis was
done on the 439 participants who answered both surveys (overlapped).
The results showed, exiting freshmen slept approximately 1.1 hours less per night
than incoming freshmen (p<0.05). Incoming freshmen reported sleeping 7.9 hours per
night, but actually received 8.7 hours. Exiting freshmen reported sleeping 6.8 hours per
night, but actually received 7.6 hours. Sixty-nine point seven percent of incoming
iii

freshmen consumed some form of caffeine daily compared to 66.2% of exiting freshmen
whom consumed some form of caffeine daily. A small association was found between
caffeine intake and sleep patterns. Emerging adults who consumed 4 or more caffeinated
beverages per day or an estimated 300 mg of caffeine or more were more likely to go to
bed at 2 am or later and sleep less during the night.
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Introduction:
The majority, greater than 75% of adolescents and adults in the world consume
caffeine on a regular basis, at least once daily (National Sleep Foundation, 2006; National
Sleep Foundation, 2005; Benowitz, 1990). The most widely reported problem from
caffeine use is having trouble sleeping (Brezinova, 1974). Since the physiological effect
of caffeine can persist between six to eight hours in adults and is not completely defined
in children (Lee, McEnany, & Weekes, 1999), it is important to look at caffeine
consumption in the evaluation of emerging adult’s (those adults aged 18 to 21 years old,
attending college as incoming freshman or exiting freshman) sleeping difficulties.
Emerging adults are one of the most susceptible populations for encountering sleep
problems (Giesecke, 1987). A study by Goldstein (1964) reported that with amounts as
small as 150 mg of caffeine (or one and a half cups of coffee), the length of time needed
to fall asleep is extended and the quality of sleep is hindered. In addition, in another
study by Canellas, Palmer, and Calafat (1994) the researchers observed that with an
intake of about 300 milligrams of caffeine (or two and a half cups of coffee), the amount
of sleep is reduced by two hours and adults may wake up twice as many times during the
night. As emerging adults may suffer with sleep disruptions and have been reported to
consume high quantities of caffeinated beverages, it is important to understand the
relationship between sleep and caffeine use.
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Goal:
To examine the association between caffeine consumption and sleep patterns among
emerging adults (incoming freshmen and exiting freshmen), through a cross-sectional
study of two sample populations (N=1,097 and N=711) using secondary data; and then,
examine the differences in caffeine consumption and sleep habits among overlapping
emerging adults (N=439), longitudinally.
Hypothesis:
We hypothesized that increased caffeine consumption is positively associated with later
bedtime and decreased hours of sleep per night in emerging adults.
Specific Aims:
1. Examine caffeine containing beverage consumption and sleep patterns among
emerging adults.
2. Examine the relationship between caffeine usage and bedtime and hours of sleep
per night in emerging adults.
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Literature Review:
Sleeping patterns of college students
Sleep problems are one of the most frequently reported health complaints among
students, which include adolescents and adults (Yang, Wu, Hsieh, Liu, & Lu, 2003).
College students have the highest rate of accounted troubles with sleep, more than any
other academic based population (Giesecke, 1987). In fact, one of the first daily habits to
change for many beginning college students is sleep patterns (Pilcher, Ginter, &
Sadowsky, 1997). A study by Steptoe and associates (2006) found that among 17,465
university students aged 17 to 30 years old in 24 countries, 21% slept for less than 6
hours, 15% slept for 6-7 hours, 63% slept for 7-8 hours, 16% slept for 8-10 hours, and
6% slept over 10 hours on average. Steptoe and colleagues (2006) illustrated that not
receiving the proper amount of sleep may cause negative health outcomes for young
adults. Those young adults sleeping 6 hours or less per night were most likely to report a
poor self-rated health status within the health questionnaire (Steptoe, Peacey, & Wardle,
2006). According to the National Sleep Foundation’s 2006 Sleep in America Poll, the
average bedtime reported by individuals in grade 12 for school nights was 11 pm and
12:45 am on non-school nights, and the average wake-up time reported by adolescents in
grade 12 was 6:30 am and 9:51 am on non-school days. Research by Buboltz and
colleages (2001) found that on average college students reported going to bed at 11:40
pm and waking up at 7:42 am.
A study by Hicks and colleagues (1989) found that sleep problems among college
students rose in 10 years from 24% in 1978 to 53% in 1988. Over the last 30 years the
average length of sleep reported by college students has declined by over an hour (Hicks,
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Fernandez, & Pelligrini, 2001). This may be due to the increased social, academic, and
work demands as well as the individual freedom associated with college (Yang, Wu,
Hsieh, Liu, & Lu, 2003). According to data from the International Health and Behavior
Study, which was conducted with university students between 1999 and 2001, the
average amount of sleep received per night by U.S. males was 7.17 hours and 7.08 hours
for U.S. females (Steptoe, Peacey, & Wardle, 2006). The average amount of actual sleep
and perceived sleep received by college students as reported by Buboltz and associates in
2001 was 8 hours and 2 minutes and 6 hours and 55 minutes, respectively. Research by
the National Sleep Foundation’s 2006 Sleep in America Poll showed the mean amount of
sleep reported by individuals in grade 12 was 6.9 hours on school nights and 8.4 hours on
non-school nights. The 2005 Sleep in America Poll concluded that in 2001 adults
reported sleeping an average of 7.2 hours per night, in 2002 it was 7 hours, and in 2005 it
was 6.9 hours.
In Taiwan, a study conducted by Yang and associates (2003) with 1,922
participants, reported that 57% attained insufficient sleep, 44% experienced sleep-related
problems, and 14% had difficulty falling or maintaining sleep. In addition, Buboltz and
colleagues (2001), using the Sleep Quality Index (SQI) with a population of 191
undergraduates at a rural university in the South, found that almost 18% percent of the
men and 30% of women reported suffering from some form of sleeping problem over a
3-month period. The SQI is defined as an 8-item self-reported questionnaire on general
sleep difficulties (Urponen, Partinen, Vuori, & Hassan, 1991). Additional findings
showed that more than 8% of the men and 16% of the women reported having difficulty
falling asleep 3 or more times a week, 11% of the men and 19% of the women reported
4

having a disturbed night’s sleep 3 or more times a week, 8% of the men and 19% of the
women reported waking during most nights, and 54% of men and 55% of women
reported they felt tired during the morning (Buboltz, Brown, & Soper, 2001). Earlier
research specified that students’ poor sleep quality could be linked to greater anxiety,
stress, nervousness, irritability, depression, exhaustion, lethargy, uncertainty, and lower
life satisfaction (Pilcher et al, 1997). The influence of poor sleeping routines on college
student’s day to day life has been studied for the past 3 decades. However, the cause,
degree, and specific types of problems have not been accurately defined.
Sleep and stress
So why is it important to study sleep patterns in young adults? The literature
showed that sleep related disturbances are linked to emotional and behavioral problems
and stress among college students (Yang et al, 2003). A study by Verlander and others
(1999) suggested that a college student’s emotional reaction to tension and pressure was
significantly correlated to his/her sleep quality. Also, Jean-Louis and colleagues (1998)
reported that within “sleepy” (self-reported) college students there was a greater tendency
toward negative/bad moods. Research conducted by Casal and others (2007) concluded
that university students whom received less than 6 hours of sleep per night reported
higher levels of crying, insomnia, loss of hunger and a loss of sex drive when compared
to university students whom slept between 7 to 8 hours per night. Also, individuals
whom reported sleeping 9 hours or greater had a higher chance of feeling sad, being
irritable, feeling guilty, and disliking themselves when compared to students who slept 7
to 8 hours per night (Casal, Miro, Ianez, & Catena, 2007). In a study performed with
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adolescents by Marks and Monroe in 1976, the authors reported that sleep complaints
were linked to emotional disturbance traits. In a study by Kelly (2002), conducted with
222 undergraduate and graduate students at a mid-sized U.S. university, the results
illustrated that students who average less time asleep may be inclined to worry more.
Worry domains were measured using the 25-item Worry Domains Questionnaire (WDQ)
(Tallis, Davey, & Bond, 1994), which includes the following “general worry” domains:
a) relationships
b) lack of confidence
c) aimless future
d) work related
e) financial
f) socio-political
These domain questions are answered using a 5-point Likert scale (consisting of “not at
all” to “extremely”) (Stober & Joorman, 2001, p. 592).
According to Chen, Wang, and Jeng (2006), adolescents who received adequate
sleep (defined as 6-8 hours per night) were more proficient at managing stress and were
able to convey a higher level of health promotion practices (all data were self-reported).
In addition, Grandner and Kripke (2004) found that short sleepers (4-6 hours per night)
and long sleepers (9-10 hours per night) were more likely than midrange sleepers (7-8
hours per night) to have sleeping problems (like daytime sleepiness and interrupted night
time sleep). In a study by Kumar and Vaidya (1984) using an anxiety scale administered
to 25 long sleepers (those individuals sleeping 9 hours or more a day) and 25 short
sleepers (those individuals sleeping 6 hours or fewer a day) randomly selected from a
sample of 500 undergraduate students, the results showed that short sleepers reported
significantly more anxiety than did long sleepers. To measure anxiety, Kumar and
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Vaidya (1984) used the Hindi version of the Sinha Anxiety Scale (Sinha, 1968). The test
consists of 100 yes or no questions. The total anxiety score was calculated by counting
the total number of questions answered that correlated to a higher than normal anxiety
level (Kumar & Vaidya, 1984).
The college experience is almost always tied to stress and anxiety, which
ultimately leads to sleep problems and academic worries (Stone & Archer, 1990).
College life is an era of “education, development, advancement, and learning” (Jensen,
2003, p.25), coupled to a hefty dose of pressure, anxiety and tension (Jensen, 2003).
Therefore, the underlying linkage between stress and academic success in college may be
sleep quantity and/or quality. However, the literature is inconsistent about whether or not
stress may affect caffeine consumption, sleep, and academic success.
Sleep and academic success
Several studies have reported associations between sleep difficulties and poor
academic performance (Wolfson & Carskadon, 1998; Wolfson & Carskadon 2003).
Current reports in the literature indicated a negative affect of sleep deprivation on college
students’ cognitive performance, which in turn causes poorer academic performance
(Pilcher & Walters, 1997). Conclusions suggested by Curcio, Ferrara, and De Gennaro
(2006) state that students’ ability to process information and their behavior can be
seriously compromised due to decreased quality of sleep. Surveys of high school
students revealed that a lower total sleep time, later bedtime, and later weekend sleep time
were associated with poorer school grades (Allen, 1992). In addition, a study by Trockel and
associates (2000), which looked at health related variables and academic performance among 200
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first year college students at a large private university, showed that earlier weekday wake-up
times caused the greatest reduction in semester GPA (for each hour earlier in mean wake-up time
the estimated GPA decreased by 0.132 on a standard 0.00 to 4.00 grading scale). A study by
Kelly, Kelly, and Clanton (2001) reported that among 148 undergraduate college students, those
who slept less than 6 hours per night had lower self-reported GPA’s than those who slept 9 hours
or more. Another study by Medeiros and associates (2001), with 35 medical students, showed
that higher scores on an academic exam were significantly related with earlier bedtimes, longer
sleep length, and normal sleep patterns.
Therefore, sleep habits, more than any other activity associated with health, is the best
variable for predicting academic performance among college students (Trockel, Barnes, &
Egget 2000). According to Lindsay and others (1999), recent studies confirm that inconsistent
sleep routines by individuals in college also caused problems with dozing or napping while
driving. These studies emphasize the importance of studying sleep-related problems among
college populations (Trockel et al, 2000), as it is not fully understood how the consumption of
stimulants (caffeine), such as coffee, soda, tea, and energy drinks, affects emerging adult’s sleep
behaviors.
Psychoactive effects of caffeine in humans
Caffeine (1,3,7-trimethylxanthine) is part of the group of chemicals known as the
xanthines (Laramine, 1994). Caffeine gets absorbed in the stomach and intestines and
reaches its highest blood concentration 30-60 minutes after consumption (Chou, 1992).
In healthy adults the average half-life of caffeine in the body is 4 to 6 hours (Laramine,
1994). In the human body the psychoactive or physiological effects of caffeine last
8

between 90 and 120 minutes, with repeated administration required to maintain these
effects (Quinlan, Lane, & Aspinall, 1997). In the human body, caffeine stimulates the
central nervous system (CNS), antagonizing the adenosine receptors, A1 and A2 (Nehlig,
Daval, & Debry, 1992). Adenosine receptor A1 is located throughout the human body
and has an inhibitory function on most of the tissues in which it is found (Fredholm,
Ijzerman, Jacobson, Klotz, & Linden, 2001). Adenosine receptor A2 plays a role in
regulating myocardial oxygen consumption and coronary blood flow (Jordan, 1997).
Adenosine is an endogenous purine nucleoside, which operates before the nerve synapse,
to slow the neuronal release of five neurotransmitters including acetylcholine,
norepinephrine, dopamine, gama amino butyric acid (GABA), and serotonin (Benowitz,
1990). Acetylcholine is a neurotransmitter found all over the body in autonomic ganglia
(Cunningham, 2002). Norepinephrine, a catecholamine, acts as a hormone in the blood
and as a neurotransmitter in the central and sympathetic nervous systems (Cunningham,
2002). It helps to regulate the body’s fight or flight response, which is the human body’s
biological response to acute stress (Cunningham, 2002). Dopamine acts as a
neurotransmitter in the body controlling blood pressure, heart rate, attention span, and
focus (Cunningham, 2002). GABA is the main inhibitory neurotransmitter found in a
human’s CNS (Roth, Cooper, & Bloom, 2003). Serotonin is a neurotransmitter found in
the CNS and it plays an important role in the regulation of anger, aggression, body
temperature, mood, sleep, vomiting, sexuality, and appetite (Siegel, Agranoff, Fisher,
Albers, & Uhler, 1999). Most importantly, according to Nehlig and associates (1992),
adenosine reduces CNS activity in the body which in turn causes tiredness and sedation.
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Methylxanthines, xanthines, or caffeine acts as an antagonist toward the
adenosine receptors to create effects contradictory of those produced by adenosine
(Benowitz, 1990). This increases CNS activity and inhibits sedation. According to the
literature, caffeine has the most potent affect on the brain and skeletal muscles, affecting
behavioral mechanisms (Snyder & Sklar, 1984; Hughes & Hale, 1998). For instance,
caffeine can generate optimistic personal effects, improve physical and mental
performance, counteract fatigue, act as positive reinforcement or a reward system,
provoke physical and psychological dependence, and bring about unfavorable
symptomatology (2 or more symptoms at a time) (Hughes & Hale, 1998; Liguori &
Hughes, 1997; Childs & Wit, 2008). These physiological responses can develop in
individuals with caffeine amounts as small as 100 mg per dose (Nehlig et al, 1992). The
continued daily use of 244 mg of caffeine over a 3 day period was found to cause
tolerance in about 1 out of 5 teenagers (Bernstein, Carroll, Thuras, Cosgrove, & Roth,
2002). For those people that do consume caffeine on a regular basis, abstinence produces
a variety of withdrawal symptoms within about 24 hours (ie. headaches, anxiety,
irritability, fatigue, and sleeping difficulties) (Bruce, Scott, Shine, & Lader, 1991;
Rogers, Heatherley, Hayward, Seers, Hill, & Kane, 2005). If an individual is less tolerant
to caffeine’s effects, then he/she is more vulnerable. Depending on the person, even
small amounts (2 cups of soda, 2 cups of tea, or 1 cup of coffee) may bring about an
undesired outcome, like tension and nervousness (Snyder & Sklar, 1984). Key factors
that influence an individual’s caffeine sensitivity include, but are not limited to, age,
weight, gender, stress, and history of caffeine use (Massey, 1998).
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Caffeine is able to penetrate the blood brain barrier and directly affect the CNS
(Nehlig et al, 1992). Recent studies have found that caffeine creates many behavioral and
stimulant effects, such as increasing tension, excitement, restlessness, muscle shakes,
headaches, sleeplessness, GI distress, muscle efficiency, hypertension, arrhythmias, fat
breakdown, respiratory rate, gout and decreasing appetite and sleep (Benowitz, 1990;
Laramine, 1994; Nehlig et al, 1992; James, 1998; Childs & Wit, 2008). However, these
effects have not been studied among emerging adults. Therefore, this is a crucial gap in
the literature, as emerging adults are known for having psychoactive and physiological
problems due to many influences (ie. environmental, work, and academic demand) and
an increased consumption of caffeinated beverages.
Caffeine content of commonly consumed foods and beverages
Caffeine can be found in over 60 species of plants and more than 1000 nonprescription drugs and products (Van Handel, 1983). Caffeine content in food products
and drugs varies depending on the product, size, and manufacturer. Some examples of
these products include: coffee, tea, cola, soft drinks, kola nuts, cocoa, chocolate, and
many over the counter (OTC) and prescription drugs. The ranges of caffeine values
found in some of these products can be found in Table 1, which includes coffee, tea, soft
drinks, energy drinks, chocolate, and over the counter drugs. Table 2 shows estimates of
unit doses of caffeine in common beverages based on a review of several food company
Internet sites and the available literature. Overall, caffeine is found in a wide array of
food and should be studied more closely.
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Table 1. Caffeine Ranges in Products
Product

Range

Brewed Coffee

40-165 mg per cup

Instant Coffee

30-125 mg per cup

Brewed Tea

20-115 mg per cup

Iced Tea

25-85 mg per cup

Instant Tea

25-50 mg per cup

Soft Drinks

35-72 mg per 12 oz.

Energy Drinks

70-80 mg per cup

Chocolate

1-35 mg per product

OTC Drugs

30-200 mg per tablet

Barone & Roberts, 1996; Laramine, 1994;
Mayo Clinic Staff, 2005; Starbucks Corp, 2007

Table 2. Estimates of Caffeine Amounts in
Selected Beverages
Beverage

Amount

Starbucks Coffee

150 mg per 8 oz.

Brewed Coffee

125 mg per 8 oz.

Instant Coffee

85 mg per 8 oz.

Energy Drink

75 mg per 8 oz.

Tea

40 mg per 8 oz.

Soda

36 mg per 12 oz.
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Caffeine intake by adolescents and adults
According to the National Sleep Foundation’s 2006 Sleep in America Poll
(N=1,602) 3 out of 4 adolescents consumed at least 1 caffeinated beverage per day. The
mean amount of caffeine consumed each day by adolescents in grades 9 through 12 was
1.9 cups/cans and approximately 35% of them drank 2 or more caffeinated beverages per
day in 2006 (National Sleep Foundation, 2006). In a study done by Childs and Wit in
2008 with 35 individuals from Chicago (18-35 years old), it was observed that 84% of the
participants consumed caffeine on a daily basis with an average of 46.8 mg per day. The
average daily consumption of caffeine by average U.S. adults is approximately 3 mg per
kg of body weight and for U.S. adults that eat/drink caffeine regularly is about 4 mg per
kg of body weight (Barone & Roberts, 1996). This calculates to about 200 mg and 270
mg of caffeine (2-3 cups of coffee) consumed per day for 150 lb adults, respectively.
U.S. adults with a greater caffeine intake (in the 90th percentile) have an average daily
usage of 5-7 mg per kg of body weight (Barone & Roberts, 1996), or 340 mg to 475 mg
of caffeine (3-5 cups of coffee) per day for 150 lb adults. U.S. adolescents who eat/drink
caffeine containing products have an average of 1 mg per kg of body weight per day
(Barone & Roberts, 1996), or 45 mg of caffeine (1 soda or tea) per day for 100 lb
adolescents. U.S. adolescents with a greater caffeine consumption (in the 90th percentile)
have a mean daily usage 2 mg per kg of body weight (Barone & Roberts,1996), or 90 mg
of caffeine (2-3 sodas or 2 cups of tea) per day for 100 lb adolescents.
Based on 1998 data from The Continuing Survey of Food Intakes by Individuals
(CSFII) 1994 to 1996, females aged 18-34 years old consumed 166 mg of caffeine on
average per day (1.2 mg/kg/day) and males aged 18 to 34 years old consumed 199 mg on
13

average per day (1.1 mg/kg/day) (Frary, Johnson, & Wang, 2005). Caffeine intakes for
the CSFII are based on 2-day averages. According to data collected by the National
Sleep Foundation’s 2005 Sleep in America Poll (Figure 1), 78% of respondents (adults >
18 years old) reported consuming some form of caffeine daily, and 25% said they drank 4
or more cups/cans of caffeine per day (National Sleep Foundation, 2005). According to
data from the National Health and Nutrition Examination Survey (NHANES), 19992002, the greatest amount of caffeine containing beverage consumption in grams for
males and females 12 to 19 years old and 20 to 39 years old came from soda, coffee, and
tea (Storey, Forshee, & Anderson, 2006).
According to Kronholm and associates (2008) in Finland, the percentage of
people consuming 6 or more cups of coffee per day dropped from 50.6% in 1972 to
27.9% in 2002 and as a result, a rise in the percentage of people consuming 3-5 cups of
coffee per day from 30.6% in 1972 to 55.4% in 2002 occurred. Research done by
Bernstein and others (2002) concluded that the average daily intake of caffeine in a group
of 36 adolescents was 244.4 mg per day which calculates out to be 3.2 mg/kg/day based
on a 168 lb individual. In another study conducted by Hughes and Oliveto (1997), it was
found that from a sample of 196 adults in Vermont the mean caffeine intake was 2.8
servings per day or 186 mg daily. From a study by Pollak and Bright (2003), with 191
students in grades 7 through 9 in Ohio, the mean amount of caffeinated beverages
consumed per day was 1.1 items, which represented an average amount of 52.7 mg of
caffeine per day. For example, this would equate to approximately 18 oz of soda, 8 oz of
tea, or 3 oz of coffee per day. Few studies exist to evaluate caffeine intake in emerging
adults.
14

Caffeine Beverage Number and Percentage of American
Adult (>18 years old) Consumption Daily
25
20
15
Percentage
10
5
0

# cups/cans
caffeinated
beverages drink
daily (N=1,498)
none

1

2

3

4 or
more

Beverages
Figure 1. Number of Cups/cans of Caffeinated Beverages Consumed per Day by
American Adults (>18 year old) as Reported by the 2005 Sleep in America Poll
National Sleep Foundation. 2005 Sleep in America Poll. WBA Market Research. March,
2005. p. 35. www.sleepfoundation.org.

Association of caffeine and sleep
Several studies have found that doses as little as 100 mg of caffeine taken before
bedtime can have a sleep-altering affect, with more evident outcomes in individuals who
do not generally consume caffeine (Nehlig et al, 1992). According to the National Sleep
Foundation’s 2005 Sleep in America Poll, which phone interviewed 1,506 adults (>18
years old, living in the U.S.), individuals who consumed 4 or more caffeinated beverages
per day were “more likely than those who drank 0 to 1 cups/cans to sleep less than 6
hours on weekdays, experience at least one symptom of insomnia and/or a sleep disorder
at least a few nights a week, be at risk for sleep apnea, and think they have a sleep
problem” (p. 35). Research by Robertson and associates (1981) reported that intake
amounts between 300 and 500 mg per day (the equivalent of 3 to 5 cups of brewed coffee
15

or 8 to 12 soft drinks) of caffeine triggered considerable physiological and behavioral
outcomes, such as, nervousness and sleeplessness.
Caffeine is widely distributed in food and drink, with approximate consumption
between 200 to 475 mg daily (Barone & Roberts, 1996), which can have negative health
effects (ie. anxiety, restlessness, insomnia, and heart palpitations) (Benowitz, 1990). A
study by Goldstein (1964) found that, with amounts as small as 150 mg of caffeine (the
quantity in one cup of Starbucks coffee), caffeine delays the time it takes to initiate sleep
and disturbs the normality of sleep by causing the individual to wake up more often.
Research by Walsh and associates (1990), found that caffeine in the amount of 4 mg/kg
of body weight (272 mg for 150 lb individual) or 2-4 cups of coffee can decrease feelings
of sleepiness and aid in staying awake during times of tiredness. In addition, a study by
Karacan and colleagues (1976) reported that after consuming 200-400 mg of caffeine,
latency to the onset of sleep and insomniac-like troubles occurred. Insomniac-like
troubles were defined as restlessness, irritability, anxiety, and sleeplessness.
A study by Pollak and Bright (2003) showed that, among 191 adolescents in
grades 7 through 9 in Ohio, the greatest caffeine consumption (>150 mg per day) was
correlated with decreased night-time sleep length, more sleep problems after sleep
initiation, and increased diurnal sleep. In another study by Lee and others (1999), it was
reported that among 144 racially diverse individuals in grades 6 through 10 from urban
public schools, the total quantity of caffeine consumed was linked to “sleepwalking,
parasomnias, and head banging” (p. 19). Orbeta and colleagues (2006) reported that,
among 15,686 U.S. students in grades 6 through 10 who reported a high caffeine intake
(>1 caffeinated beverage a day) from either soda, coffee, or tea were 1.9 times more
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likely to have difficulty sleeping and were 1.8 times more likely to be tired in the
morning than students who reported a very low caffeine intake (<1 caffeinated beverage a
week or never consuming caffeine). According to the National Sleep Foundation’s 2006
Sleep in America Poll, which phone interviewed 1,602 adolescents in grades 6 through
12, those who drank > 2 cups/cans of caffeine containing drinks per day had a greater
likelihood of not getting enough sleep through the week, had more perceived sleep
problems, and had more problems caused by sleeping than adolescents who drank < 2
cups/cans per day.
Shilo and associates (2002) conducted a study with 6 hospital personnel over a 7
day period, where 3 individuals received 5 cups of coffee containing 130 mg of caffeine
per cup over a 24 hour period and 3 individuals received decaffeinated coffee, the results
concluded that those participants consuming caffeine slept, on average, 79 minutes less
per night (5 hrs 36 mins compared to 6 hrs 55 mins). Research done by Landolt and
others (1995) illustrated that, intake of 200 mg of caffeine caused spikes in EEG readings
and affected sleep-wake cycles during the night in 9 males aged 21 to 25 years old.
In addition, in another study by Canellas, Palmer, and Calafat (1994) the researchers
observed that with an intake of about 300 milligrams of caffeine (or two and a half cups
of coffee) the amount of sleep is reduced by two hours and it caused adults to wake up
twice as many times during the night. In a study conducted by Malinauskas and
colleagues (2007), it was found that there was a direct relationship between increased
energy drink consumption (which has between 80 to 141 mg of caffeine per serving) and
headaches, heart palpitations, and weekly jolt and crash episodes.
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Significance:
Caffeine is the most popular stimulant on earth (Gilbert, 1984), with average
intake amounts (in milligrams) increasing from childhood to adulthood (Barone &
Roberts, 1996). College students have one of the highest probabilities for encountering
sleeping difficulties, greater than any other academic based population (Giesecke, 1987).
In fact, one of the first daily habits to change for many beginning college students is sleep
patterns (Pilcher, Ginter, & Sadowsky, 1997). This may be due to the increased social,
academic, and work demands as well as the individual freedom associated with college
(Yang, Wu, Hsieh, Liu, & Lu, 2003).
The literature shows that poor sleeping patterns are linked to emotional and
behavioral problems and stress among college aged students (Yang et al, 2003). Earlier
research specified that students’ poor sleep quality could be linked to greater anxiety,
stress, nervousness, irritability, depression, exhaustion, lethargy, uncertainty, and lower
life satisfaction (Pilcher et al, 1997). The influence of sleep difficulties on college
student’s lives has been studied for the past 30 years, yet the cause, extent, and specific
types of problems have not been identified.
College life is an era of “education, development, advancement, and learning”
(Jensen, 2003, p.25), which is associated with a great deal of fusion, angst, and
apprehension (Jensen, 2003). Therefore, the underlying linkage between stress and
academic success in college may be sleep quantity and/or quality. However, the
literature is inconsistent about whether or not stress may affect caffeine consumption,
sleep, and academic success. Current reports in the literature indicate a negative affect of
sleep deprivation on college students’ cognitive performance, which in turn causes poorer
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academic performance (Pilcher & Walters, 1997). These reports emphasize the
importance of reviewing sleep-related problems among college populations (Trockel et
al, 2000), as it is not fully understood how the consumption of stimulants (caffeine), such
as coffee, soda, tea, and energy drinks, affects emerging adult’s sleep behaviors.
The caffeine content of food varies, with many plants, herbs, substances,
medications, and food products containing it (Van Handel, 1983). Overall, caffeine is
found in a wide array of food and should be studied more closely. Recent studies have
found that caffeine creates many behavioral and stimulant effects (Benowitz, 1990;
Laramine, 1994; Nehlig et al, 1992). However, these effects have not been thoroughly
observed and documented in the emerging adult population. Consequently, this causes a
gap in the literature.
Caffeine is consumed by wide array of individuals (about 3 out of 4) on a daily
basis (National Sleep Foundation, 2005; National Sleep Foundation, 2006). Several
studies have found that with doses as little as 100 to 150 mg of caffeine (the equivalent of
1 cup of coffee) taken before bedtime can have a sleep-altering affect (Nehlig et al,
1992), with more prominent physiological and behavioral outcomes in consumption
amounts between 300 and 500 mg per day (Robertson, Wade, Workman, Woosley, &
Oates, 1981), such as, nervousness, irritability, heart palpitations, GI distress, and
sleeplessness (Benowitz, 1990; Laramine, 1994; Nehlig et al, 1992), which is the
equivalent of 3 to 5 cups of brewed coffee or 8 to 12 soft drinks. Since the physiological
effect of caffeine can persist between 6 to 8 hours in adults and is not completely defined
in children (Lee, McEnany, & Weekes, 1999), it is important to look at caffeine
consumption in the evaluation of emerging adult’s sleeping difficulties. In addition, there
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is not much information in the literature about caffeine consumption in emerging adults
and the affect it has on their sleep habits.
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Methodology:
Population:
Subjects were from The University of Tennessee in Knoxville, Tennessee. The subjects
were classified as incoming freshmen in the fall of 2006. The age range for the freshmen
was 17-24 year olds, but for the purposes of this study only those emerging adults in the
age range of 18-21 were examined, which represented 99% of the total population.
Those people younger than 18 years old and older than 21 years old were excluded from
the evaluation process/ results because they did not represent the desired (traditional)
emerging adult population and only accounted for 1% of the total population. The total
number of respondents in the Wave 1 survey (incoming freshmen), conducted at the start
of the fall 2006 school semester was 1,293, but due to exclusion criteria related to age,
the number of respondents utilized for statistical analysis was 1,097. The total number of
respondents in the Wave 3 survey (exiting freshmen) was 770, conducted at the end of
the 2007 spring semester, but due to exclusion criteria related to age, the number of
respondents utilized for statistical analysis was 711. Incoming freshman were classified
as those individuals aged 18-21 years old, beginning their first semester at the University
of Tennessee in the Fall of 2006 and exiting freshman were classified as individuals 1821 years old whom are finishing their second semester at the University of Tennessee in
the Spring of 2007. Although some students may have overlapped, all University of
Tennessee students were invited to participate in all waves. There were a total of 439
respondents whom completed both surveys, Wave 1 (Fall 2006) and Wave 3 (Spring
2007).
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Study design:
For this study, secondary data analysis was conducted using data from a 2-part survey
called, “Promoting Healthy, Happy, UT Graduates: Combating Stress and the Freshman
15 web-based survey pilot” conducted at The University of Tennessee. Secondary data
analysis can be defined as the analysis of data or information that were collected by
someone else (Cnossen, 1997). The “Freshmen 15” refers to the claim, myth, or notion
that students starting college have a tendency to gain 15 pounds during there freshmen
year (Graham & Jones, 2002). The reasons contributing to the weight gain may be from,
but not limited to, increased intake of alcohol, higher consumption of unhealthy food, and
stress (Graham & Jones, 2002). The goal of the study was to pilot a web-based survey of
health habits and beliefs to a random sample of incoming freshman students. Incoming
students (freshmen) were invited to participate in the survey in 3 waves during three 2week time periods during their first year at The University of Tennessee in 2006. Wave 1
was prior to entering The University of Tennessee before starting the fall 2006 semester.
Wave 2 was at the end of the 2006 fall semester and Wave 3 was at the end of the 2007
spring semester. The pilot study was conducted by the department of Nutrition and the
Center for Physical Activity and Health as part of a larger collaboration including a
multidisciplinary team within The University of Tennessee. The first wave was recruited
by sending an email to all incoming freshman students who were at least 18 years of age.
Students who responded and indicated a willingness to be contacted for further studies
were sent emails inviting them to participate in the other two waves of the pilot, as well
as corollary studies through the Center for Physical Activity and Health. The recruitment
email contained a link to a website created by University of Tennessee statistician, Cary
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Springer (Statistical Consulting Center (SCC). Once the participant clicked on the web
link, he/ she completed a Study Information Sheet. Criteria to participate in the original
survey were aged 18 or older and first time freshmen at The University of Tennessee.
The information for the pilot study was originally designed and implemented by Dr. Lisa
Jahns at The University of Tennessee, Nutrition Department. This study was approved
by the Institutional Review Board at The University of Tennessee. For the purposes of
this cross-sectional study, only the data from Wave 1 and Wave 3 were used to describe
caffeine consumption and sleep patterns, and the relationship between caffeine usage and
bedtime and hours of sleep per night for incoming freshmen (Wave 1 participants) and
for exiting freshmen (Wave 3 participants). By biomedical research standards a crosssectional study is observational in nature (Von Elm, Altman, Egger, Pocock, Gotzsche,
Vanderbroucke, 2007). The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Initiative was reviewed and utilized in the creation of this
study. The STROBE established recommendations or a checklist on what should be
integrated into an accurate and complete report for a cross-sectional study (Von Elm,
Altman, Egger, Pocock, Gotzsche, Vanderbroucke, 2007). The STROBE Initiative was
developed in 2004 by researchers in Bristol, UK. The STROBE consists of 22 items
“(title and abstract, background/significance, specific aims, study design, setting,
participants, variables, data sources, bias, study size, quantitative variables, statistical
methods, participant results, descriptive data, outcome data, main results, other analyses,
key findings, limitations, interpretation, and generalizability)” (p. 249), that are
considered essential for proper reporting of observational experiments (Von Elm,
Altman, Egger, Pocock, Gotzsche, Vanderbroucke, 2007). After the cross-sectional study
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was completed, a longitudinal analysis was conducted on the 439 participants who
completed both sections on caffeine and sleep for both Wave 1 and Wave 3 (overlapped).
This longitudinal sample was used to look at differences and change in caffeine
consumption and sleep habits among incoming freshmen and exiting freshmen (emerging
adults). The following four questions from the original web-based survey were
considered for this overall project:
1. On average, how many caffeinated beverages do you usually drink each day? (a
drink is a can of caffeinated soda or a cup of caffeinated coffee or tea)
2. On average, when you drink a caffeinated drink, what kind do you normally
drink?
3. During the past month, what time have you usually gone to bed at night?
4. During the past month, how many hours of actual sleep did you get at night?
(This may be different than the number of hours you spent in bed)
The web-based survey consisted of 2 parts; the first part contained the caffeine questions
(questions 1 and 2) while the second part contained the sleep questions (questions 3 and
4). This was important because some individuals completed the first part of the survey
but not the second. Questions 3 and 4 were taken from the Pittsburgh Sleep Quality
Index (PSQI). The PSQI is a general health questionnaire with 12 items (Aloba,
Adewuya, Ola, & Mapayi, 2007), used to measure subjective sleep quality. The answers
from Waves 1 and 3, raw data, and variables of interest (such as amounts of caffeine
consumed, bedtime, wake time, and hours of sleep per night) were cleaned in Microsoft
Office Excel (2003) (Microsoft Corp, 2003). Data were cleaned in Microsoft Office
Excel (2003), as follows. The raw data from the original survey questions, During the
past month, what time have you usually gone to bed at night? and During the past month,
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what time have you usually awakened in the morning? were converted to military time in
Microsoft Office Excel (2003) (Microsoft Corp, 2003). From this military time data, the
number of hours of sleep per night was calculated by subtracting wake time from
bedtime. The raw data from the original survey question, During the past month, how
many hours of actual sleep did you get at night? were compared to the results of the
calculated wake time minus bedtime numbers. The raw data from the original survey
questions, On average, how many caffeinated beverages do you usually drink each day?
and On average, when you drink a caffeinated drink, what kind do you normally drink?
were used to create caffeine groupings. The caffeine groupings that were developed were
categorized into 5 groups, which are shown in Table 3. All data for the variables of
interest were from self-reported data. For the primary exposure and outcome variable
calculations, gender and race were tested as covariates, but only gender differences were
found to be statistically significant within the cross-sectional study. Within the
longitudinal study, no statistically significant results occurred within gender or race. For
this project, the “American Indian”, “Asian”, “Black”, and “Hispanic” categories were
collapsed into a non-white group, due to the small sizes of these ethnicities. In the crosssectional study 86.0% of the respondents from Wave 1 (N=1097) were white, 13.6%
were classified as non-white and 0.4% were not-reported and for Wave 3 (N=711), 85.5%
were white, 14.5% were non-white, and 0.5% were not-reported. For the longitudinal
study (N=439), 84.3% were white, 15.0% were non-white, and 0.7% were not reported.
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Table 3. Caffeine Levels and Groups Created by Researcher
Group

Level

Caffeine Range
in milligrams

0

none

0

1

low

1-74

2

medium

75-149

3

high

150-299

4

very high

300

Primary Exposure (caffeine)
Caffeine Frequency
From the original survey question, On average, how many caffeinated beverages do you
usually drink each day? (a drink is a can of caffeinated soda or a cup of caffeinated
coffee or tea), the number of caffeinated beverages consumed per day was used to
calculate caffeine frequency for each respondent for both independent samples (Wave 1
and Wave 3). The answers ranged from 0 to 25. Caffeine frequency was also broken
down into quintiles which included 0, 1, 2, 3, and 4 or more. In creating these quintiles,
all the respondents with implausible data or excessive caffeine consumption were limited
to or grouped within the 4 or more category. Individuals with caffeine consumption over
4 beverages per day represented a small sample (approximately 5% in each wave), as
well. According to Frary, Johnson, and Wang (2005), average caffeine consumption by
adults aged 18-34 years old is 166-199 mg per day, which equates to be between 1-3 cups
of coffee or 4-6 cans of soda (Frary, Johnson, & Wang, 2005).
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Caffeine Groupings
The data from the original survey question, On average, how many caffeinated beverages
do you usually drink each day? and On average, when you drink a caffeinated drink,
what kind do you normally drink?, available data from the literature and internet
pertaining to the average amount of caffeine in commonly consumed beverages, and
background literature relating to what levels of caffeine intake in milligrams in which the
human body has psychoactive/physiological affects were used to create the caffeine
groupings/quintiles in Table 3. For example, if one participant answered the two survey
questions from above with 2 and soft drinks, then the amount of milligrams consumed
(from Table 2) was calculated to be 72 milligrams. This would fall in Group 1-Low (174 mg) (Table 3). If the type of beverage consumed was missing then a universal amount
(Table 2) of 36 mg was used, which represents a 12 ounce soda. Based on the literature,
only groups 3 and 4 had high enough intakes of caffeine where physiological affects
occur.
Caffeine Usage
Based on data from the caffeine groupings/quintiles from Table 3, respondents who
ranked in either group 1, 2, 3, or 4 were considered caffeine users and respondents who
ranked in the 0 group were counted as non-caffeine users. Participants who consumed
soft drinks with no caffeine, like sprite, were ranked in the 0 group. These data were
used to distinguish between caffeine users and non-users to examine if caffeine had any
affect on sleep patterns in either Wave 1 or Wave 3.
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Outcome Variable (sleep)
Bedtime
From the original survey question, During the past month, what time have you usually
gone to bed at night? the bedtime of the respondents was recorded. Each of the raw
bedtimes from the survey was converted into military time for convenience. Bedtimes
ranged from 9:45 pm to 8 am with 15 minute intervals. For analytical calculation
purposes the bedtimes were categorized into whole numbers by including 15 minutes
before the hour and 30 minutes past the hour into that hour. For example, respondents
who answered between 12:45 am and 1:30 am were grouped into 1 am. Based on a
subjective decision and the distribution of responses (which ranged from before 11:15 am
to after 6 pm), bedtimes were grouped into quartiles (11 pm or earlier, 12 am, 1 am, and 2
am or later). These 4 categories were created based on the distribution of responses, are
subjective in nature, and grouped to limit the small percentage of outliers (<5%). The
average bedtime for 17 to 19 year old adolescents was found to be 11:01 pm on school
nights and 12:49 am on non-school nights (Wolfson & Carskadon, 1998)
Number of Hours Slept per Night
Based on the raw data from the survey questions, During the past month, what time have
you usually gone to bed at night? and During the past month, what time have you usually
awakened in the morning? the number of hours slept per night was calculated for each
respondent. The raw data for both questions were converted into military time and from
that, bedtime was subtracted from wake time to calculate the total number of hours slept
per night. The data for the wake-up time was calculated the same way as the bedtime
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data, with answers ranging from before 6 am to later than 12 pm, with 15 minute
intervals. Wake-up times were grouped into 5 categories (7 am or earlier, 8 am, 9 am, 10
am, and 11 am or later). These quintiles were created based on the distribution of
responses, are subjective in nature, and grouped to limit the small percentage of outlier
wake-up times that were recorded (<5%). The average wake-up times for 17 to 19 year
old adolescents was found to be 7:10 am on school nights and 9:32 am on non-school
nights (Wolfson & Carskadon, 1998). Based on raw bedtimes minus wake-up times the
number of hours slept per night was calculated. This ranged from 3.5 to 17 hours with 15
minute intervals. Respondents who did not answer both sets of questions were dropped
from the data calculation process. For analytical calculation purposes the number of
hours slept per night was categorized into whole numbers by including 15 minutes before
the hour and 30 minutes past the hour into that hour. For example, respondents who
answered between 7.75 hours and 8.5 hours were grouped into 8 hours. So based on the
distribution of responses and the cut-off values used in a previous study conducted by
Steptoe and associates in 2006, respondents who reported sleeping < 4 hours or > 13
hours of sleep per night were excluded from the statistical analysis process because of
biologically implausible or unreliable data (Steptoe, Peacey, & Wardle, 2006). The
calculated hours of sleep per night was then compared to the data that was reported for
the survey question, During the past month, how many hours of actual sleep did you get
at night? (This may be different than the number of hours you spent in bed), which was
considered a perceived number. The perceived hours of sleep per night were set up the
same way as above, with responses ranging from 1 to 17 hours per night. Individuals
who did not answer this question were dropped from the data calculation process.
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Statistical Analysis:
Data management was performed using Microsoft Office Excel (2003) (Microsoft Corp,
2003), and statistical analysis was performed using SPSS for Windows version 15.0
software (SPSS Inc, 2006). Respondents who did not answer all questions pertaining to
the variables of interest were dropped from the final analytical calculation process. In
Wave 1 there were, 196 respondents (15.2%) dropped from the statistical analysis process
due to exclusion criteria for age; and 210 respondents (19.1%) were dropped from the
variables that correspond to sleep (actual hours of sleep, perceived hours of sleep,
bedtime, and wake time) because they answered the caffeine part of the survey but not
the sleep part (which came second on the original survey), or because they reported
sleeping < 4 hours or > 13 hours of sleep. In Wave 3, there were 59 respondents (7.7%)
dropped from the statistical analysis process due to exclusion criteria for age; and 30
respondents (4.2%) were dropped from the variables that correspond to sleep (actual
hours of sleep, perceived hours of sleep, bedtime, and wake time) either because they
answered the caffeine part of the survey but not the sleep part or because they reported
sleeping < 4 hours or > 13 hours of sleep. Descriptive statistics (mean and standard
deviation) were reported for age, actual hours of sleep, perceived hours of sleep, and
caffeine frequency. Frequency tables were performed on all variables of interest, which
also included individuals excluded from the study design. Distribution of values was
examined for normality and parametric or non-parametric tests were used to examine the
relationship of caffeine consumption to sleep patterns. Independent samples T-tests were
utilized on selected variables to compare the mean scores of two groups (like males and
females) (Archambault, 2000). Paired samples T-tests were performed on selected
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variables (2 at a time) to compare the mean scores of them, additionally calculating the
differences between the variables for each situation and testing to distinguish if the mean
difference significantly fluctuates from 0 (Archambault, 2000). Cross tabulations (Chisquare tests) were performed on selected variables to test for significant relationships. It
indicates whether there is an association between the variables in question in the sample
population (Analysis Tables, Part V). When significance occurred (Pearson Chi-Square
p<0.05), adjusted residual (AR) values above 1.96 or below -1.96 were observed within
specified cells to indicate the strongest significant relationship. One-way analysis of
variance (ANOVA) was used on selected variables to evaluate the effect of categorical
factors on an answer and was performed when the data were separated into two
categories based on one factor as well (StatPoint, 2006). When significance (p<0.05) was
found within the ANOVA test, a Post Hoc Test of multiple comparisons (Tukey HSD)
was conducted to test for the strongest significance within the mean differences of
groups. A probability value of <0.05 was considered statistically significant. Alphabetic
superscript letters a, b, and c were used to show significance (a=<0.05, b=<0.01, and
c

=<0.001). The demographic measure tested within each variable in the cross-sectional

data analysis was gender (male and female), because statistical significance occurred.
Race was not included as a covariate in this project because of the percentage of white
(~86%) to non-white (~14%) participants for both waves only slightly varied, the race
percentages represented the trend for the traditional University of Tennessee population,
the non-white population represented such a small percentage as a whole, and because
there were no significant differences found with caffeine consumption or sleep patterns
between whites and non-whites. For the longitudinal study, gender and race were not
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included in the results because there was no significant difference (no effect) found from
gender or race. Age was not included as a covariate because of the homogeneous nature
of the emerging adult population (18-21 years old).

32

Results:
Cross-Sectional Analysis:
Wave 1 (N=1,097)
The average age for the Wave 1 participants (incoming freshmen) in the fall of 2006 was
18.578 + 0.316 years (Table 4). The demographic breakdown was as follows: Gender,
459 (41.8%) males and 638 (58.2%) females; Race, 943 (86.0%) whites, 150 (13.6%)
non-whites, and 4 (0.4%) not reported. The average hours of sleep (actual) received was
8.702 + 1.456 hours and the average hours of sleep (perceived) reported was 7.961 +
1.436 hours. For bedtimes, 22% of the participants went to bed at 11 pm or earlier,
29.4% at 12 am, 24.7% at 1 am, and 23.9% of the respondents went to bed at 2 am or
later. For wake-up times, 17% of the individuals got up 7 am or earlier, 15.2% at 8 am,
23.4% at 9 am, and 44.3% of the participants woke up at 10 am or later. The mean
amount of caffeinated beverages consumed per day was 1.72 + 2.259. For caffeine
frequency, 29% of the incoming freshmen consumed no beverages (0) per day, 27.9%
consumed 1, 20% drank 2, 10.5% consumed 3, and 12.7% drank 4 or more caffeinated
beverages per day. Within the caffeine groupings (created by the researcher), 30.3% of
the participants from Wave 1 placed in the 0 group (no caffeine), 26.4% positioned in the
1st group (1-74 mg), 20.4% placed in group 2 (75-149 mg), 16.1% were found in the 3rd
group (150-299 mg), and 6.7% drank 300 mg of caffeine or more (group 4) per day. The
amount of people that were found to be caffeine users was 765 (69.7%) (located in group
1, 2, 3 or 4) and 332 individuals (30.3%) were found to be non-users of caffeine (found in
group 0). No significant association between race and caffeine or sleep was observed.
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Table 4. Descriptive Statistics for Cross-Sectional Study, Incoming Freshmen (Wave 1) and Exiting Freshmen (Wave 3)
(As separate groups)
Wave 1

Wave 3

Gender

Gender

Male

Female

Total

Male

Female

Total

Responses

459 (41.8%)

638 (58.2%)

1097

284 (39.9%)

427 (60.1%)

711

Mean + SD

18.625 + 0.346

18.544 + 0.288

18.578 + 0.316

19.262 + 0.351

19.188 + 0.277

19.218 + 0.309

White

397 (36.2%)

546 (49.8%)

943 (86.0%)

239 (33.6%)

365 (51.3%)

604 (85.0%)

Non-White

61 (5.6%)

89 (8.1%)

150 (13.6%)

44 (6.2%)

59 (8.3%)

103 (14.5%)

Not-reported

1 (0.0%)

3 (0.3%)

4 (0.4%)

1 (0.1%)

3 (0.4%)

4 (0.5%)

Responses

459 (41.8%)

638 (58.2%)

1097

284 (39.9%)

427 (60.1%)

711

Age (years)

Race

34

Table 4, continued.
Wave 1

Wave 3

Gender

Gender

Male

Female

Total

Male

Female

Total

Mean + SD

8.715 + 1.528

8.693 + 1.405

8.702 + 1.456

7.678 + 1.411

7.595 + 1.292

7.627 + 1.339

Responses

370 (42.2%)

517 (57.8%)

887

266 (39.1%)

415 (60.9%)

681

Mean + SD

8.076 + 1.416

7.888 + 1.469

7.961 + 1.436

6.944 + 1.343

6.819 + 1.183

6.868 + 1.249

Responses

370 (42.1%)

517 (57.9%)

887

266(39.1%)

415 (60.9%)

681

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

11 pm or earlier

62 (16.8%)

c

133 (25.7%)

195 (22.0%)

31 (11.7%)

b

74 (17.8%)

105 (15.4%)

12 am

106 (28.6%)

155 (30.0%)

261 (29.4%)

78 (29.3%)

125 (30.1%)

203 (29.8%)

1 am

86 (23.2%)

133 (25.7%)

219 (24.7%)

69 (25.9%)

126 (30.4%)

195 (28.6%)

2 am or later

116 (31.4%)

c

96 (18.6%)

212 (23.9%)

88 (33.1%)

b

178 (26.1%)

Responses

370

517

887

266

415

681

Actual Reported Hrs Sleep

Perceived Hours of Sleep

Reported Bedtime

90 (21.7%)
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Table 4, continued.
Wave 1

Wave 3

Gender

Gender

Male

Female

Total

Male

Female

Total

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

7 am or earlier

58 (15.7%)

93 (18.0%)

151 (17.0%)

75 (28.2%)

133 (32.0%)

208 (30.5%)

8 am

51 (13.8%)

84 (16.2%)

135 (15.2%)

57 (21.4%)

c

124 (29.9%)

181 (26.6%)

9 am

64 (17.3%)

c

208 (23.4%)

52 (19.5%)

91 (21.9%)

143 (21.0%)

10 am or later

197 (53.2%)

c

196 (37.9%)

393 (44.3%)

82 (30.8%)

c

67 (16.1%)

149 (21.9%)

Responses

370

517

887

266

415

681

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

0

125 (27.2%)

193 (30.3%)

318 (29.0%)

98 (34.5%)

131 (30.7%)

229 (32.2%)

1

116 (25.3%)

190 (29.8%)

306 (27.9%)

68 (23.9%)

a

38 (32.3%)

206 (29.0%)

2

95 (20.7%)

124 (19.4%)

219 (20.0%)

55 (19.4%)

78 (18.3%)

133 (18.7%)

3

48 (10.5%)

67 (10.5%)

115 (10.5%)

25 (8.8%)

49 (11.5%)

74 (10.4%)

4 or more

75 (16.3%)

a

64 (10.0%)

139 (12.7%)

38 (13.4%)

a

31 (7.3%)

69 (9.7%)

Responses

459

638

1097

284

427

711

Mean + SD

1.53 + 1.846

1.99 + 2.711

1.72 + 2.259

1.69 + 2.385

1.42 + 1.637

1.53 + 1.973

Reported Wake-up time

# Caffeinated Bevs/Day

144 (27.9%)
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Table 4, continued.
Wave 1

Wave 3

Gender

Gender

Male

Female

Total

Male

Female

Total

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

0 (none)

134 (29.2%)

198 (31.0%)

332 (30.3%)

104 (36.6%)

136 (31.9%)

240 (33.8%)

1 (1-74 mg)

126 (27.5%)

164 (25.7%)

290 (26.4%)

79 (27.8%)

139 (32.6%)

218 (30.7%)

2 (75-149 mg)

95 (20.7%)

129 (20.2%)

224 (20.4%)

40 (14.1%)

77 (18.0%)

117 (16.5%)

3 (150-299 mg)

70 (15.3%)

107 (16.8%)

177 (16.1%)

44 (15.5%)

45 (10.5%)

89 (12.5%)

4 (300 mg or more)

34 (7.4%)

40 (6.3%)

74 (6.7%)

17 (6.0%)

30 (7.0%)

47 (6.6%)

Responses

459

638

1097

284

427

711

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

User

325 (70.8%)

440 (69.0%)

765 (69.7%)

180 (63.4%)

291 (68.1%)

471 (66.2%)

Non-User

134 (29.2%)

198 (31.0%)

332 (30.3%)

104 (36.6%)

136 (31.9%)

240 (33.8%)

Responses

459

638

1097

284

427

711

Caffeine Group

Caffeine Usage

a

p<0.05 vs. males within the same wave
p<0.01 vs. males within the same wave
c
p<0.001 vs. males within the same wave
SD stands for standard deviation
b

37

For Wave 1, gender was used as a covariate and tested (Table 4). The mean age for
males was 18.625 years and 18.544 years for females. The race breakdown was 397
(36.2%) white males, 61 (5.6%) non-white males, 546 (49.8%) white females, and 89
(8.1%) non-white females. The difference in the mean hours of sleep received between
males and females for both actual and perceived hours of sleep was not found to be
statistically significant. When compared for bedtime, significance was found between
genders (p<0.001). The strongest relationship was found in both the 11 pm or earlier
times and the 2 am or later times. At 11 pm or earlier, 16.8% of the males and 25.7% of
the females reported bedtimes of 11 pm or earlier; and at 2 am or later, 31.4% of the male
participants went to bed at 2 am or later compared to the females, where 18.6% went to
bed at 2 am or later. For wake-up time, significance was found between genders
(p<0.001). The strongest association was found within the 9 am and 10 am or later times
when comparing males to females. 17.3% of the females and 27.9% of the males woke
up at 9 am; and for 10 am or later, 53.2% of the males and 37.9% of the females woke up
at 10 am or later. For caffeine frequency (# of caffeinated beverages consumed per day),
significance (p=0.023) was observed between genders. The strongest relationship was
found to be within the 4 or more caffeinated beverages per day category, with
percentages of 16.3% for males and 10.0% for females. No significant associations were
observed between gender and the caffeine groups created by the researcher. The average
number of caffeinated beverages consumed per day for both males and females was
observed to be 1.53 + 1.846 and 1.99 + 2.711 drinks, respectively. For caffeine usage, no
significant association was found between usage and gender.
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Wave 3 (N=711)
The average age for the Wave 3 participants (exiting freshmen) in the spring of 2007 was
19.218 + 0.309 years (Table 4). The demographic breakdown was as follows: Gender,
284 (39.9%) males and 427 (60.1%) females; Race, 604 (85.5%) whites, 103 (14.5%)
non-whites, and 4 (0.5%) not reported. The average hours of sleep (actual) received was
7.627 + 1.339 hours and the average hours of sleep (perceived) reported was 6.868 +
1.249 hours. For bedtimes, 15.4% of the participants went to bed at 11 pm or earlier,
29.8% at 12 am, 28.6% at 1 am, and 26.1% of the respondents went to bed at 2 am or
later. For wake-up times, 30.5% of the individuals got up 7 am or earlier, 26.6% at 8 am,
21.0% at 9 am, and 21.9% of the participants woke up at 10 am or later. The mean
number of caffeinated beverages consumed per day was 1.53 + 1.973 drinks. For
caffeine frequency, 32.0% of the incoming freshmen consumed no beverages (0) per day,
29.0% consumed 1, 18.7% drank 2, 10.4% consumed 3, and 9.7% drank 4 or more
caffeinated beverages per day. Within the caffeine groupings, 33.8% of the participants
from Wave 3 placed in the 0 group (no caffeine), 30.7% positioned in the 1st group (1-74
mg), 16.5% placed in group 2 (75-149 mg), 12.5% were found in the 3rd group (150-299
mg), and 6.6% of the incoming freshmen that participated in the Wave 3 survey drank
300 mg of caffeine or more (group 4) per day. The number of people that were found to
be caffeine users was 671 (66.2%) (placed in group 1, 2, 3, or 4) and 240 individuals
(33.8%) were found to be non-users of caffeine (found in group 0). No significant
association between race and caffeine or sleep was observed. For Wave 3, gender was
used as a covariate and tested (Table 4). The mean age for males was 19.262 + 0.351
years and 19.188 + 0.277 years for females. The race breakdown was 239 (33.6%) white
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males, 44 (6.2%) non-white males, 365 (51.3%) white females, and 59 (8.4%) non-white
females. The difference in the mean hours of sleep received between males and females
for both actual and perceived hours of sleep was not found to be statistically significant.
When compared for bedtime, significance was found between genders (p=0.004). The
strongest relationship was found between males and females going to bed at 11 pm or
earlier (11.7 % for males and 17.8% for females) and at 2 am or later (33.1% for males
and 21.7% for females). For wake-up time, significance was found between genders
(p<0.001). The times that showed the strongest association were with the 8 am wake-up
time (21.4% for males and 29.9% for females) and 10 am or later wake-up time (30.8%
for males and 16.1% for females). For caffeine frequency (# of caffeinated beverages
consumed per day), significance (p=0.012) was observed between genders. The strongest
relationship was found to be within the 1 caffeinated beverage per day category (23.9%
for males and 32.3% for females) and 4 or more caffeinated beverages per day category
(13.4% for males and 7.3% for females). No significant associations were observed
between gender and the caffeine groups. The average number of caffeinated beverages
consumed per day for both males and females was observed to be 1.69 + 2.385 and 1.42
+ 1.637 drinks, respectively. For caffeine usage, no significant relationship was found
between males and females.
Relationship between Caffeine Frequency and Bedtime in Wave 1
There was no significant effect from gender or race, so the results are presented for the
overall population. There was a significant relationship found (p<0.001) between
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caffeine frequency (number of caffeinated beverages consumed per day) and bedtime
(Table 5). A strong association was found between individuals who went to bed at 12 am
and consumed 0 caffeinated beverages and individuals who went to bed at 12 am and
consumed 4 or more caffeinated beverages per day. Also, it was found between
individuals who went to bed at 2 am or later and consumed 0 caffeinated beverages and
individuals who went to bed at 2 am or later and consumed 4 or more caffeinated
beverages per day.
Relationship between Caffeine Frequency and Bedtime in Wave 3
There was no significant effect from gender or race, so the results are presented for the
overall population. There was a significant relationship found (p=0.016) between
caffeine frequency (number of caffeinated beverages consumed per day and bedtime)
(Table 5). A strong association was found between individuals who went to bed at 11
pm or earlier and consumed 4 or more caffeinated beverages per day and individuals who
went to bed at 2 am or later and consumed 1 caffeinated beverage per day. Also, it was
found between individuals who went to bed at 2 am or later and consumed 4 or more
caffeinated beverages per day.
Relationship between Caffeine Consumption and Actual Hours of Sleep in Wave 1
There was no significant effect from gender or race, so the results are presented for the
overall population. For caffeine frequency and actual hours of sleep the observed p-value
was 0.048 between groups (Table 6). The strongest association was found with
individuals consuming 4 or more caffeinated beverages per day. Individuals who
consumed 4 or more caffeine containing beverages per day received an average of 8.374
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Table 5. Relationship between the Number of Caffeinated Beverages Consumed per Day and Bedtime in Wave 1 and Wave 3
(As separate groups)
Number of People Consuming Caffeinated Beverages Per Day
Wave 1

Wave 3

# Beverages
Bedtime
11 pm or earlier
% w/ Bedtime

0

1

2

3

4 or more

Total

0

1

2

3

66
33.8%

54
27.7%

39
20.0%

19
9.7%

17
8.7%

195
100.0%

39
37.1%

35
33.3%

21
20.0%

8
7.6%

2
1.9%

105
100.0%

% w/ # of Bevs

24.4%

22.2%

23.5%

19.6%

15.3%

22.0%

17.5%

17.9%

16.8%

11.1%

3.1%

15.4%

c

c

4 or more
a

Total

12 am
% w/ Bedtime

99
37.9%

66
25.3%

47
18.0%

29
11.1%

20
7.7%

261
100.0%

63
31.0%

65
32.0%

38
18.7%

20
9.9%

17
8.4%

203
100.0%

% w/ # of Bevs

36.7%

27.2%

28.3%

29.9%

18.0%

29.4%

28.3%

33.2%

30.4%

27.8%

26.2%

29.8%

1 am
% w/ Bedtime

62
28.3%

62
28.3%

43
19.6%

24
11.0%

28
12.8%

219
100.0%

66
33.8%

59
30.3%

33
16.9%

20
10.3%

17
8.7%

195
100.0%

% w/ # of Bevs

23.0%

25.5%

25.9%

24.7%

25.2%

24.7%

29.6%

30.1%

26.4%

27.8%

26.2%

28.6%

c

c

a

a

2 am or later
% w/ Bedtime

43
20.3%

61
28.8%

37
17.5%

25
11.8%

46
21.7%

212
100.0%

55
30.9%

37
20.8%

33
18.5%

24
13.5%

29
16.3%

178
100.0%

% w/ # of Bevs

15.9%

25.1%

22.3%

25.8%

41.4%

23.9%

24.7%

18.9%

26.4%

33.3%

44.6%

26.1%
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Table 5, continued.
Number of People Consuming Caffeinated Beverages Per Day
Wave 1

Wave 3

# Beverages
Bedtime
Total
% w/ Bedtime

0

1

2

3

4 or more

Total

0

1

2

3

4 or more

Total

270
30.4%

243
27.4%

166
18.7%

97
10.9%

111
12.5%

887
100.0%

223
32.7%

196
28.8%

125
18.4%

72
10.6%

65
9.5%

681
100.0%

% w/ # of Bevs

100.0% 100.0% 100.0% 100.0%

100.0%

100.0% 100.0% 100.0% 100.0% 100.0%

100.0%

100.0%

a

p<0.05 vs. total within the same wave
p<0.001 vs. total within the same wave
numbers with superscripts indicate the strongest association, which was tested by measuring for adjusted residual values >1.96 or <-1.96
c
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Table 6. Relationship between the Number of Caffeinated Beverages Consumed per Day and Actual Hours
of Sleep per Night; and Caffeine Group and Actual Hours of Sleep per Night in Wave 1 and Wave 3
(As separate groups)
Actual Hours of Sleep/Night
Wave 1

Wave 3

N (%)

Mean + SD

N (%)

Mean + SD

0

270 (30.4%)

8.758 + 1.403

223 (32.7%)

7.603 + 1.339

1

243 (27.4%)

8.663 + 1.431

196 (28.8%)

7.704 + 1.199

2

166 (18.7%)

8.907 + 1.470

125 (18.4%)

7.574 + 1.361

3

97 (10.9%)

8.670 + 1.341

72 (10.6%)

7.653 + 1.312

4 or more

111 (12.5%)

8.374 + 1.662

65 (9.5%)

7.554 + 1.714

N (%)

Mean + SD

N (%)

Mean + SD

0 (none)

282 (31.8%)

8.784 + 1.426

233 (34.2%)

7.577 + 1.336

1 (1-74 mg)

223 (25.1%)

8.719 + 1.376

210 (30.8%)

7.662 + 1.167

2 (75-149 mg)

179 (20.2%)

8.822 + 1.391

110 (16.2%)

7.707 + 1.445

3 (150-299 mg)

139 (15.7%)

8.615 + 1.687

82 (12.0%)

7.732 + 1.373

4 (300 mg or more)

64 (7.2%)

a

46 (6.8%)

7.348 + 1.729

# Caffeinated Beverages/Day

Caffeine Group

a

8.141 + 1.404

a

p<0.05 vs. 0 (none) group within the same wave
SD stands for standard deviation
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+ 1.662 hours of actual sleep per night. When looking at the association between
caffeine group and actual mean hours of sleep received, significance was found
(p=0.016). The strongest association was observed within group 4. Participants
consuming 300 mg or more of caffeine per day (group 4) received an average of 8.141 +
1.404 hours of actual sleep per night.
Relationship between Caffeine Consumption and Actual Hours of Sleep in Wave 3
The effects were the same for males and females, as well as for white and non-white, so
the results are presented for the overall population. No significant associations were
observed between caffeine frequency or caffeine group and actual hours of sleep (Table
6). Even though no significance was found for either caffeine frequency or caffeine
group and actual hours of sleep, those individuals, either drinking 4 or more caffeinated
beverages per day or consuming 300 mg or more caffeine per day had the lowest actual
average amount of sleep per night, 7.554 + 1.714 hours and 7.348 + 1.729 hours,
respectively (Table 6).
Longitudinal Analysis (N=439):
No significant difference within gender or race was observed with any of the variables,
therefore all data analysis was conducted on the overall sample. There was a total of 439
emerging adults in this study, with 167 (38%) males and 272 (62%) females; and 370
(84.3%) white, 66 (15%) non-white, and 3 (0.7%) not reported (Table 7). The mean
difference for the actual hours of sleep between Wave 1 (8.738 hrs + 1.402) and Wave 3
(7.569 hrs + 1.371) was -1.1686 + 1.841 which was found to be statistically significant
(p=0.014) (Table 8). The mean difference for the perceived hours of sleep between Wave
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Table 7. Demographic Statistics of Participants
who Responded to Both Wave 1 and Wave 3
Surveys for Longitudinal Study
Characteristic

N (%)

Gender
Males

167 (38.0%)

Females

272 (62.0%)

Total

439

Race
White

370 (84.3%)

Non-white

66 (15.0%

Not Reported

3 (0.7%)

Total

439

Table 8. Longitudinal Change in Hours of Sleep among Participants who Responded to
Both Wave 1 and Wave 3 Surveys
Wave 1

Wave 3

Mean Difference

Mean + SD

Mean + SD

Mean + SD

Actual Hours of Sleep

8.738 + 1.402

7.569 + 1.371

a

Perceived Hours of Sleep

7.954 + 1.364

6.850 + 1.231

c

Hours of Sleep

-1.169 + 1.841
-1.104 + 1.622

a

p<0.05; c p<0.001
(-) sign indicates decrease in Wave 3 compared to Wave 1
SD stands for standard deviation
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1 (7.954 hrs + 1.364) and Wave 3 (6.850 hrs + 1.231) was -1.104 + 1.622 hours which
was found to statistically significant (p<0.001) (Table 8). For caffeine frequency, the
percentage of individuals who increased, decreased, or did not change the number of
caffeinated beverages they consumed per day was: 29.8% increased consumption, 31.4%
decreased consumption, and 38.8% remained the same (Table 9). For caffeine usage,
53.8% of the individuals remained caffeine users, 20.3% remained non-users, 14.1% of
the users were now non-users, and 11.8% of the non-users became users of caffeine.
Descriptive statistics were not measured for this longitudinal sample because the crosssectional study includes that data.

Table 9. Longitudinal Change in Caffeinated Beverage
Consumption and Usage among Participants Who Answered
Both Wave 1 and Wave 3 Surveys
# Caffeinated Beverages/Day in
Wave 3 Compared to Wave 1

N (%)

Increased

131 (29.8%)

Remained the same

170 (38.8%)

Decreased

138 (31.4%)

Caffeine Usage

N (%)

Remained users

236 (53.8%)

Remained non-users

89 (20.3%)

Users that became non-users

62 (14.1%)

Non-users that became users

52 (11.8%)
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Summary:
Incoming freshmen
Emerging adults (N=1,097) entering college in the Fall of 2006 reported sleeping
approximately 8 hours and 42 minutes per night (8.7 hrs) and they perceived getting
about 7 hours and 54 minutes of sleep per night (7.9 hrs). For bedtime, males were more
likely than females to go to bed at 2 am or later and females were more likely than males
to go to bed at 11 pm or earlier. For wake-up time, males were more likely than females
to wake up at 10 am or later and females more likely than males to wake up at 9 am. For
the number of caffeinated beverages consumed per day, males were more likely than
females to consume 4 or more caffeine containing beverages per day. Overall, 69.7% of
incoming freshmen were caffeine users. In the fall of 2006, emerging adults who
consumed caffeine, either by drinking 4 or more caffeine containing beverages daily or
consuming greater than 300 mg of caffeine per day, were more likely to go to bed at 2 am
or later and sleep less per night than other incoming freshmen.
Exiting freshmen
Emerging adults (N=711) exiting their freshmen year of college in the Spring of 2007
reported sleeping approximately 7 hours and 36 minutes per night (7.6 hrs) and they
perceived getting about 6 hours and 48 minutes of sleep per night (6.8 hrs). For bedtime,
males were more likely than females to go to bed at 2 am or later and females were more
likely than males to go to bed at 11 pm or earlier. For wake-up time, males were more
likely than females to wake up at 10 am or later and females more likely than males to
wake up at 8 am. For the number of caffeinated beverages consumed per day, males
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were more likely than females to consume 4 or more caffeine containing beverages per
day. Overall, 66.2% of exiting freshmen were caffeine users. In the spring of 2007,
emerging adults who consumed 4 or more caffeine containing beverages daily or 300 mg
of caffeine or more per day were more likely to go to bed at 2 am or later and sleep less
per night than other exiting freshmen.
Longitudinal Sample
For those emerging adults (N=439) who answered both surveys (Wave 1 in the fall of
2006 and Wave 3 in the spring of 2007), the average amount of sleep they received per
night, over time, decreased by roughly 1 hour and 6 minutes (1.1 hours). As a whole, the
number of caffeinated beverages consumed per day by emerging adults decreased (38.8%
of the individuals consumed the same number of caffeine containing beverages, 29.8%
increased the number of caffeinated beverages they consume each day, and 31.4%
decreased number of caffeinated beverages they consume each day). For caffeine usage,
more caffeine users became non-users than the other way around (14.1% of the caffeine
users became caffeine non-users and 11.8% of the caffeine non-users became caffeine
users).
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Discussion:
Along with smart eating habits and weekly exercise, adequate sleep duration and
sleep quality are important parts of living a long healthy life (Zee & Turek, 2006).
“Sleep is a key indicator of health” (Zee & Turek, 2006, p. 1688), and sleep habits
formed as children or adolescents may carry over to adulthood. The definition of
adequate or normal sleep quantity varies from study to study within the literature.
Adequate sleep is defined as getting between 6 to 8 hours of sleep per night (Chen et al,
2006). Normal sleep quantity is considered to be 7 to 8 hours per night (Steptoe et al,
2006; Chaput, Despres, Bouchard, & Tramblay, 2007; Grandner & Kripke, 2004).
Whether it is 6 to 8 hours or 7 to 8 hours, receiving a sufficient amount of sleep per night
is an essential element of living a healthy lifestyle (Zee & Turek, 2006). Certain
populations have a higher probability of receiving less sleep per night than others, which
in turn can cause negative outcomes. It has been well documented in the literature that
students and the emerging adult population (age range 18-21 years old attending college)
are prone to sleeping problems (Yang et al, 2003; Steptoe, 2006; Giesecke, 1987; Buboltz
et al, 2001; Pilcher et al, 1997).
College students have one of the highest rates of reporting sleep problems
(Giesecke, 1987). Further, normal sleeping patterns is one of the first daily habits to
change for many beginning college students (Pilcher et al, 1997). According to Yang and
others (2003), sleeping troubles is a primary health complaint among students, both
adolescents and adults. A study by Hicks and colleagues done in 1989 found that, sleep
problems among college students rose from 24% in 1978 to 53% in 1988. Sleeping
dilemmas for college students can come from or be caused by many things. It could be
50

attributed to increased academic or work demand, greater anxiety or stress (Pilcher et al,
1997), or from the overall freedom that comes with being a college student (Yang et al,
2003). Even though many factors come into play, the main reason has never accurately
been established. Because of these influences, years of research has been conducted on
the sleeping behaviors of college students (Hicks et al, 2001).
As stated in the literature, an average amount of sleep per night is defined as 7 to
8 hours per night (Verkasalo, Lillberg, Stevens, Hublin, Partinen, Koskenvuo, & Kaprio,
2005). According to the results of this project, the average amount of sleep reported by
emerging adults entering college (incoming freshmen) in the fall of 2006 was 7.96 hours
per night and the actual amount of sleep received per night which was calculated by
subtracting bedtime from wake-up time was 8.7 hours. When looking at the time frame
in which the original survey was conducted (before their freshmen year of college), it can
be assumed that this emerging adult population can best be described as, graduated 12th
graders waiting to make the transition into college. Therefore, when looking at
comparisons between the literature and this project, older adolescent’s sleeping patterns
are a better representation of the incoming freshmen population. The perceived amount
of 7.96 hours and actual amount of 8.7 hours slept per night is similar to results found
within the 2006 Sleep in America Poll, which concluded that the mean number of hours
slept on non-school nights by 12th graders was 8.4 hours (National Sleep Foundation,
2006). In a study done by Wolfson and Carskadon (1998), older high school students
reported sleeping an average of 8.6 hours on non-school nights.
According to the results of this project, the average amount of sleep reported by
emerging adults exiting their freshmen year of college in the spring of 2007 was 6.86
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hours per night and the actual amount of sleep received per night was 7.6 hours. When
comparing these results to other findings in the literature, it was found that there was a
wide variation in the amount of sleep reported by college students. Steptoe and
colleagues (2006) concluded that the average amount of sleep received per night by U.S.
college males was 7.17 hours and 7.08 hours for U.S. college females. In 2001, Buboltz
and associates observed that college students actually slept an average of 8 hours and 2
minutes and they perceived sleeping 6 hours and 55 minutes. In another study by Pilcher
and others (1997), who observed 2 college sample populations at different times in the
semester, it was found that college students from sample 1 slept an average of 6 hours
and 41 minutes and individuals from sample 2 slept an average of 7 hours and 4 minutes.
After analyzing the results of this project, it was found that the difference between
Wave 1 (incoming freshmen) and Wave 3 (exiting freshmen) in the amount of sleep
reported per night was approximately 1.1 hours. So, exiting freshmen slept roughly 1.1
hours or 1 hour and 6 minutes less than incoming freshmen. This trend of losing sleep as
academic levels (grades) increase is similar to findings in the literature. The National
Sleep Foundation’s 2006 Sleep in America Poll stated that, on school nights 9th graders
slept an average of 7.6 hours, 10th graders slept a mean amount of 7.3 hours, 11th graders
slept 7 hours per night, and 12th graders slept 6.9 hours per night. Research by Wolfson
and Carskadon (1998) observed that, the average amount of sleep reported by high school
students (from 9th to 12th grade) decreased from 7 hours and 42 minutes to 7 hours and 4
minutes. A study conducted with junior high school students concluded that, 9th graders
slept for 7 hours and 52 minutes, 10th graders slept for 7 hours and 43 minutes, and 11th
graders slept for 7 hours and 9 minutes (Arakawa, Taira, Tanaka, Yamakawa, Toguchi,
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Kadekaru, Yamamoto, Uezu, & Shirakawa, 2001). According to the 2002 Sleep in
America Poll, the average amount of sleep reported by 18 to 29 year olds was 6.9 hours
and 30 to 64 year olds slept 6.7 hours per night (National Sleep Foundation, 2002).
Overall for this project, incoming freshmen’s sleeping amount was found to be
comparable to older adolescent’s sleeping amounts on non-school nights in the literature.
For exiting freshmen, there was a wide variation of differences (hours of sleep) found
within the literature, therefore it is hard to define the exact mean amount of hours they
sleep. Many other factors come into play when analyzing the sleeping habits of college
students, and future studies need to be conducted to accurately describe the sleeping
practices of this emerging adult population.
When looking at the sleeping patterns of college freshmen over time, it was found
that exiting freshmen slept 1.1 hours less than incoming freshmen. And, this conclusion
is similar to findings in the literature regarding students and increased academic levels or
grades. Correspondingly, as individuals climb the ladder of academia, the average
amount of sleep they can expect to obtain per night will decrease.
The literature showed that caffeine is found in wide array of food items (Van
Handel, 1983) and is one of the most widely ingested stimulants on earth (Gilbert, 1984).
It increases central nervous system activity and inhibits sedation in the human body
(Nehlig et al, 1992; Benowitz, 1990). The percentage of incoming freshmen within this
project that consumed caffeine on a daily basis was 69.7% and for exiting freshmen it
was 66.2%. When compared to other studies in the literature, the percentages observed
in this project were found to be lower, which may have been caused by the data
calculation process of this project. For example, many participants did not report what
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kind of caffeine containing beverage they ingested, and because of that a universal
amount of 36 mg was filled in for those individuals, which would have caused an
underestimation of caffeine consumption. The majority of findings in the literature report
daily caffeine intake percentages above 70%. In a study by Goldstein and Wallace
(1997) with 289 school-aged children (11-12 year olds), 90% of the children ingested
some form of caffeine daily. In another study conducted with 202 adults in Vermont by
Hughes and Oliveto (1997), 83% of the participants consumed caffeine on a regular
basis. Eight out of ten U.S. children, teenagers, or adults consume caffeine at least once
daily (Benowitz, 1990). Greater than 75% of American adults consume some form of
caffeine on a regular basis (National Sleep Foundation, 2005). According to the National
Sleep Foundation’s 2006 Sleep in America Poll, daily caffeine intake by adolescents in
2006 was approximately 75%. A study conducted by Pollak and Bright (2007) reported
that, U.S. adolescents in 7th, 8th, and 9th grade consumed caffeine 71.2% of the time.
Thus, other factors and influences were probably involved that were not measured, such
as history of caffeine use, body weight, career, and lifestyle that caused the slight
difference between the findings in this project and the literature.
In addition to the less than normal overall consumption of caffeine by emerging
adults resulting from this project, the percentage of caffeine usage decreased over time
(usage for incoming freshmen was 69.7% and exiting freshmen was 66.2%). When
compared to the literature, this deviates from the ordinary trend, as well. Among a
sample of 691 undergraduate students it was concluded that, older students on average
consumed higher amounts of caffeine than younger ones (Shohet, 2001). In a study with
808 medical students in Barcelona, it was observed that caffeine consumption gradually
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increased every year (Laporte, Gutierrez, & Laporte, 1977). A study conducted by Pollak
and Bright (2007) reported that, caffeine ingestion was slightly higher in 8th graders when
compared to 7th graders. On average, adults consume higher amounts of caffeine in
milligrams per kilogram of body weight than adolescents (Barone & Roberts, 1996).
According to data from the 1999-2002 NHANES, adults (>20 years old) consume more
caffeine in grams than adolescents (<20 years old) (Storey et al, 2006). The mean
amount of caffeinated beverages consumed per day in 2006 by 6th to 8th graders was 1.8
items and by 9th to 12th graders it was 1.9 items (National Sleep Foundation, 2006). This
tendency of individuals to increase caffeine intake as they increase academic levels was
not observed in this project. The mean intake of caffeinated beverages per day for
incoming freshmen was 1.72 items and for exiting freshmen it was 1.53 items. Variables
that were not measured or accounted for in this project, such as career, social habits, body
weight, history of caffeine use, and lifestyle, probably caused the difference in caffeine
intake, when comparing the results to the literature.
Caffeine is a substance that has long been used by individuals to help them stay
awake, but after those affects wear off it can cause tiredness and sleep problems
(Laramine, 1994; Hughes & Hale, 1998). In analyzing the results of this project it was
found that, there was a slight association between caffeine and sleep patterns among
emerging adults. Incoming and exiting freshmen who consumed 4 or more caffeinated
beverages per day or ingested 300 mg of caffeine or more per day were more likely to
sleep less and go to bed at 2 am or later. The relationship between caffeine and sleep
problems has been studied pretty extensively, but the data in the literature are not
conclusive because there are so many different findings. A study conducted by Lee
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(1992) with 760 registered nurses concluded that, there was no association between
caffeine consumption and sleep disturbances. Studies conducted by Nehlig and
associates (1992), Goldstein (1964), and Pollak and Bright (2003) found that, with
amounts of caffeine as low as 100 mg to 199 mg per day had a sleep-altering affect. In
other research by Robertson and others (1981), Walsh and colleagues (1990), Karacan
and associates (1976), Landolt and others (1995), and Canellas and colleagues (1994), it
was reported that with amounts between 200 mg to 500 mg of caffeine per day causes
sleep troubles. In addition, studies done by Shilo and associates (2002) and SanchezOrtuno and others (2005) found that with caffeine consumption above 500 mg per day
causes many sleeping problems. The literature not only reports the association between
caffeine consumption and sleep by milligrams, but also reports it by the number of
caffeinated beverages consumed per day. Orbeta and associates (2006) found that,
adolescents who drank more than 1 caffeinated beverage a day were more likely than
those consuming less than 1 caffeine containing beverage to have sleep difficulties. The
National Sleep Foundation conducted two Sleep in America Polls that included caffeine
consumption and its affect on sleep patterns and they concluded that; in 2005 adults who
ingested 4 or more caffeinated beverages per day and in 2006 adolescents who drank 2 or
more cans/cups of caffeine per day both had sleep disturbances (National Sleep
Foundation, 2005; National Sleep Foundation, 2006).
Overall, many factors influence the association between caffeine and sleep. Some
of these variables include, but are not limited to weight, stress, and history of caffeine use
(Massey, 1998). Within this project as well as the literature, many unknowns are
involved which cannot be accounted for when it comes to the affect of caffeine on sleep.
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This project found conflicting results from the literature as it pertains to caffeine intake
and sleep habits among emerging adults, for that reason future studies are recommended
in this field of study with this population (18-21 year olds attending college) so accurate
conclusions can be made.
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Conclusion:
After analyzing the results of this project and comparing them to the literature, a
few conclusions have been made. Emerging adults 18 to 21 years old attending college
can expect to get less sleep per night as they climb the academic ladder. According to the
literature, adolescents and adults increase daily caffeine intake as they age or go up in
grade levels. This finding is different than what was found in this project, as emerging
adults were observed to decrease consumption. The last finding that was reported in this
project was that, a slight association was found between caffeine and sleep. When
looking at the literature, this association varies and is not well established.
Potential Limitations:
The data utilized are originally from a survey that was Internet based. This could
cause a problem with the actual number of responses or with the number of diligent
participants. The original data were self-reported, which may cause subjective
information bias or over/ underestimation. The questions from the original survey
pertained to recalling information from as far as a month back, which could cause recall
bias to occur. Recall bias may also lead to the under reporting of data because such a
long period of time passed between answer and actual event. Based on the responses
received from the original survey it was clear that outliers occurred, which may be due to
many things including, but not limited to, lying, not taking the survey seriously, reading
the question wrong, an over estimation, an under estimation, or misinterpreting the
question. As what comes along with any self-reported information, recall bias or outliers,
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credibility and accuracy are questioned. The data were compared to other studies, recent
literature was consulted, and professionals with experience reviewed the experiment.
When creating the caffeine groups with psychoactive affects, the ranges were
based off the literature but are subjective in nature which could have been
underestimated. A variation in caffeine amount and psychoactive affects may occur and
not be totally accurate. In some of the answers from Wave 1 and Wave 3, respondents
left the type of beverage consumed blank. This caused a problem in calculated caffeine
groupings, so estimated universal amounts for caffeine were used, which can be found in
Table 2. When the caffeine description was missing, a universal amount of 36 mg was
used to calculate the caffeine groupings which also could have caused underestimation; in
turn, this would skew the results and cause an underestimation of actual caffeine amount
consumed in the data as well. Within the variable corresponding to number of
caffeinated beverages consumed per day, soft drinks with no caffeine, like Sprite were
included in the analysis as a beverage. This would cause a false representation in the
actual number of caffeinated beverages consumed as it relates to that variable (caffeine
frequency) in the study. In the process of cleaning the raw data in Excel, each calculated
category or variable was triple checked for errors. In the process of creating the cut-off
values for the hours of sleep per night, the decision for the cut-offs was based on a
previous study done by Steptoe and colleagues (2006), as well as from the distribution of
responses. These cut-off values may not be an accurate representation of normal hours of
sleep per night for emerging adults. The population subsets differed for some of the
variables of interest because some respondents answered the caffeine section of the
survey (which came first on the survey) but did not answer the sleep section. For this
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study design, other factors, confounders, and variables that may affect caffeine
consumption or sleep patterns were not taken into consideration like, weight, height,
family history, socioeconomic status, work load, lifestyle, athletics, conditioning, career,
class schedule, difference between weekends and weekdays, and work ethic. Within the
literature, caffeine intake between 100 mg to greater than 500 mg was found to cause a
wide variation of sleeping difficulties; and with this large range, an accurate dose
response relationship between specific caffeine amounts and specific sleeping problems
cannot be concluded.
For the longitudinal study, those people that did not answer all questions
pertaining to the variables of interest were dropped from the final analysis, and they may
have been different in some way. For the cross-sectional study, race was tested as a
covariate within each wave, but no statistical significance was found, so it was not
included in the results. Within gender, statistical significance (p<0.05) on caffeine and
sleep occurred in the analysis for the cross-sectional study, so it was included. For the
longitudinal study, gender and race were not included with the data analysis because no
statistically significant difference (p>0.05) was present within race or gender. The data
used for the separate samples/ Wave 1 and Wave 3 analysis was cross-sectional, therefore
no causality could be inferred within that study.
Next Steps:
Due to results found in this project, further studies within this subject population
need to be conducted to accurately describe and explain caffeine consumption and sleep
patterns among the emerging adult (18-21 years old) population, and its relationship.
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More accurate data collections and surveys could be conducted, such as a survey without
such a large variance in the amount of time recalling events. More specific questions
could be asked on the survey, such as questions pertaining to class schedules, history of
caffeine use, career, and differences between weekend and weekday behaviors so that
more accurate conclusions could be inferred. In regard to questions given in the survey,
responses could be chosen from a drop down box that has all possible answers in it, so
that the participants would be able to choose instead of filling in a blank. An example of
this is, to provide specific selections for kinds of caffeinated beverages consumed instead
of having the participants fill in the blank. A 3-day, 7-day, or month long food record
and sleep journal could be created and kept by incoming college freshmen and exiting
college freshmen or college students which could be used to make comparisons between
groups and utilized to track the change in behavior over time, longitudinally. If one were
to look at 2 independent samples, cross-sectionally, then the relationship between
caffeine consumption and sleep habits could be measured. The original survey for this
project was conducted at 3 different time points to 3 different samples (Wave 1-before
entering college in the Fall of 2006, Wave 2-at the end of the Fall 2006 semester, and
Wave 3-at the end of the Spring 2007 semester), only Wave 1 and Wave 3 were utilized
by the researcher in this project, so a future researcher could use all 3 samples and test for
caffeine intake and sleep habits, to infer more accurate conclusions. One could either
look at the 3 samples cross-sectionally, or one could take Wave 2 and utilize its data to
further solidify or contrast the results concluded from this project. For a more accurate
significant association in regard to caffeine consumption and its affect on sleep patterns, a
study which involves the observation of individuals consuming varying amounts of
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caffeine over a time period and testing to see if sleep patterns (bedtime, wake-up time, or
hours of sleep) are affected, could be conducted within a controlled environment. In
reference to data collection for caffeine intake and sleep habits, self-reported data are
usually easier to obtain, but with any subjective data collection, accuracy is a big
problem. The most accurate results would come from objective measures, i.e. a
polysomnography and blood levels of caffeine. All in all, the results of this project did
not indicate a strong association between caffeine consumption and sleeping problems, as
other literature has. Future studies are needed in this field of study with this population,
to enable accurate confirmation or denial of this relationship.
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